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446a Tuesday, February 28, 2012As the collective nature of allosteric transitions make them well suited to be
studied within the framework of ANM, we validate our findings on the avb3
integrin 1JV2 and its ligand bound form 1L5G using an all atom version of
ANM. Using the formalism developed in this study, we show the intrinsic
many-body nature of allosteric interactions and conformational changes trig-
gered by them. We show how ligand binding perturbs the first 3 global vibra-
tional modes by inducing collective responses up-to quaternary level and
enhanced-many body correlations between the av and b3 domains upon
binding.
1. Atilgan, A.R., et al., Anisotropy of Fluctuation Dynamics of Proteins with an
Elastic Model. Biophysical Journal, 2001. 80(1): p. 505-515.
2. Zinn-Justin, J., Quantum Field Theory and Critical Phenomena. 1996:
Clarendon Press.
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Exploring the Energy Landscapes of Protein Folding Simulations with
Bayesian Computation
Nikolas S. Burkoff, Csilla Varnai, Stephen A. Wells, David L. Wild.
University of Warwick, Coventry, United Kingdom.
Nested sampling is a Bayesian sampling technique developed to explore prob-
ability distributions localised in an exponentially small area of the parameter
space. The algorithm produces both posterior samples and an estimate of the
evidence of the model. The nested sampling algorithm also provides an effi-
cient way to calculate free energies and the expectation value of thermody-
namic observables at any temperature, through a simple post-processing of
the output. Previous applications of the algorithm have yielded large efficiency
gains over other sampling techniques.
We describe a parallel implementation of the
nested sampling algorithm and its application to
the problem of protein folding in a Go-type force
field of empirical potentials that were designed to
stabilize secondary structure elements in room-
temperature simulations. We demonstrate the
method by conducting folding simulations on
a number of small proteins which are commonly
used for testing protein folding procedures. A topo-
logical analysis is performed to produce energy
landscape charts, which give a high level descrip-
tion of the potential energy surface for the protein
folding simulations. These charts provide qualita-
tive insights into both the folding process and the
nature of the model and force field used.
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NMRCharacterization of the Structural Effects of Charge Repulsion in an
Antibiotic Peptide Model
Kevin P. Larsen, Adrienne P. Loh.
University of Wisconsin - La Crosse, La Crosse, WI, USA.
Due to the decreasing effectiveness of common antibiotics, there is an over-
whelming need for new antibiotics. One promising avenue is peptide antibi-
otics, which are generally helical and cationic. We are investigating peptide
antibiotic models composed of the hydrophobic dialkylated amino acid Aib
(a-aminoisobutyric acid), which imparts a strong 310-helical bias due to steric
hindrance at the a-carbon. Cationicity is achieved by insertion of lysine resi-
dues. Previous studies have shown that insertion of adjacent neutral monoalky-
lated amino acids into an Aib sequence creates a region of reduced steric
hindrance, allowing hydrogen-bonding solvents to disrupt the hydrogen bond
that spans the insertion region, ultimately creating a kink in the helix. Separa-
tion of the monoalkylated residues by one turn leaves the helix undistorted.
However, some studies suggest that insertion of charged residues one turn apart
may distort helical structure. We report here the 3D NMR structural character-
ization of a model antibiotic peptide composed primarily of Aib, with two
lysine residues placed one turn apart. Spectra were obtained in DMSO-d6
solution. Backbone and sidechain 1H and 13C resonances were assigned
using natural abundance HSQC and CO-selective HMBC spectra. 1-D temper-
ature dependence of amide chemical shifts indicated a 310-helical conforma-
tion with all intrahelical hydrogen bonds intact. Homonuclear ROESY
crosspeaks were used to obtain 46 distance constraints, which together with
the temperature data were used to calculate the structure using Xplor-NIH.
The generated structure is fully 310-helical with a slight bend away from
the charged face, likely due to charge repulsion. Thus, placement of charged
amino acids has a small but noticeable effect on the structures of helical pep-
tides even in a strongly hydrogen-bonding solvent. Our results indicate that
the placement of cationic residues should be considered carefully in antibiotic
peptide design.2266-Pos Board B36
Structural Effects of Steric Hindrance Revealed by Sequence Permutation
in Antibiotic Peptide Models
Theodore L. Savage, Luke D. Oetzel, Emma E. Sabel, Adrienne P. Loh.
University of Wisconsin - La Crosse, La Crosse, WI, USA.
Persistent infections caused by antibiotic-resistant microbes are a serious threat
to public health. Peptide antibiotics, which tend to be helical, offer one prom-
ising solution. Incorporation of the sterically hindered amino acid Aib (a-ami-
noisobutyric acid) into designed peptide antibiotics has been shown to enhance
helicity, increase protease resistance and maintain or even enhance bioactivity.
Aib is known to impart a strong helical bias due to steric hindrance. However,
the placement of less hindered monoalkylated amino acids in a predominantly
Aib sequence can significantly perturb helical structure. We report here the 3D
NMR structural characterization of two model antibiotic peptides composed
primarily of Aib, with two alanine residues placed either one turn apart
(AA36) or sequentially (AA45). Spectra were obtained in DMSO-d6 solution.
Backbone and sidechain 1H and 13C resonances were assigned using natural
abundance HSQC and CO-selective HMBC spectra. 1-D temperature depen-
dence of amide chemical shifts in AA36 indicate a 310-helical conformation
with all intrahelical H-bonds intact. However, in AA45, the H-bond to Aib6
is broken. Homonuclear ROESY crosspeaks were used to obtain distance con-
straints (46 for AA36, 69 for AA45), which together with the temperature data
were used to calculate the structures using Xplor-NIH. The generated structure
of AA36 is consistent with a canonical 310-helix. However, the structure of
AA45 reveals a kink in the helix towards the two less sterically hindered Ala
residues, breaking the H-bond to Aib6 (which spans the Ala residues). Amide
H/D exchange kinetics on AA45 in CD3OD result in a pattern of exchange rate
constants that is consistent with the variation in calculated H-bond lengths.
Thus, placement of monoalkylated residues in an Aib sequence can have pro-
found effects on helical structure and should receive due consideration in pep-
tide antibiotic design.
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Characterizing Transition Pathways in the Transport Cycle of ABC
Transporter MsbA
Wenxun Gan, Mahmoud Moradi, Emad Tajkhorshid.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
MsbA is a member of the ABC (ATP-binding cassette) family transporters that
uses energy from ATP hydrolysis to transport various substrates across cellular
membrane. The transport cycle of MsbA has been described by a simple
‘‘Alternating Access’’ mechanism in which the transporter changes its confor-
mation between an outward-facing (OF) and an inward-facing (IF) state while
coupling the translocation of substrates. Here, to investigate the detailed trans-
port cycle of MsbA at atomistic resolution, we have performed molecular dy-
namics (MD) simulations using a combination of several computational
methods. Starting from the recently solved X-ray crystal structure of MsbA
in OF state, we first generate high resolution all-atom models for the two IF
states (IF open and IF closed) by using targeted MD simulations. We then de-
fine two collective variables to describe the relative motion of the two trans-
membrane domains (TMDs) and nucleotide binding domains (NBDs),
respectively. Steered MD simulations along the collective variables have
been performed to induce the conformational changes between the three states
(OF, IF open and IF closed) of MsbA. Assessing the energetics associated with
the induced transitions, approximated by calculating the non-equilibrium work
involved in going from one state to another suggest that the OF-to-IF confor-
mational transition follows two steps: the two TMDs close first, and then the
two NBDs open, as opposed to the pathway observed from initial targeted
MD simulations. Taken together, these results not only provide a better under-
standing of the functionality of ABC transporters, but also help define a general
mechanism for membrane transport process.
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Conformational Analysis Reveals Distinct Mechanical Transduction
Mechanisms of RecA-Like Molecular Motors
Jung-Chi Liao.
Columbia University, New York, NY, USA.
A majority of ATP-dependent molecular motors are RecA-like proteins, per-
forming diverse functions in biology. These RecA-like molecular motors con-
sist of a highly conserved core containing the ATP-binding site. Here I
examined how ATP binding within this core is coupled to the conformational
changes of different RecA-like molecular motors. This study showed that dense
hydrogen bond networks are prevalent in the ATP binding sites of RecA-like
molecular motors when ATP is present, but the conformations of different
RecA-like motors in the apo state are varying. Conserved hydrogen bond net-
works and conformational changes revealed two major mechanical
Tuesday, February 28, 2012 447atransduction mechanisms [1]: (1) intra-domain conformational changes and (2)
inter-domain conformational changes. The intra-domain mechanism has a sig-
nificant hydrogen bond rearrangement within the domain containing the P-loop,
causing relative motion between two parts of the protein. The inter-domain
mechanism exhibits little conformational change in the P-loop domain. Instead,
the major conformational change is observed between the P-loop domain and
an adjacent domain or subunit containing the arginine finger. These differences
in the mechanical transduction mechanisms may link to the underlying energy
surface governing a Brownian ratchet or a power stroke. This work is supported
by NSF grant CMMI-1125760. [1] Liao, J.-C., (2011)Mechanical Transduction
Mechanisms of RecA-like Molecular Motors, J Biomol Struct Dyn, in press.
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Structural and Energetic Details of the DNA-Binding and Cleavage Core
of Saccharomyces Cerevisiae Topoisomerases II Linked to DNA through
its Active Site Tyrosine
Ahmet Mentes, Eunae Kim, Ioan Andricioaei.
UC Irvine, Irvine, CA, USA.
DNA topoisomerases are enzymes that can change the topological state of
DNA without changing its primary structure by changing the linking number
of the molecule. Topoisomerases are able to solve all the topological problems
of DNA that arise during such processes as replication, transcription, recombi-
nation or chromosome separation. In our study, S. cerevisiae topoII structure is
used to investigate structural and energetic changes of the protein from initial
state to final state ( our final state is the DNA-TopoII complex when the protein
binds to DNA and the stage just before the DNA cleavage by TopoII). The sec-
ond goal is to investigate conformational changes of cleavage dependent DNA-
gate and C-gate mechanisms of the protein after the protein captures the DNA.
Lastly, we aim to get the transition rate constants from free energy profile by
employing umbrella sampling method after defining the reaction pathway. In
order to investigate the conformational changes during DNA-gate and C-gate
opening and/or closing processes, small perturbations are introduced by using
HQBMD (Half Quadratic Biased MD) and TMD (Targeted MD) methods by
performing a version of CHARMM (Chemistry at HARvard Macromolecular
Mechanics).
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Importance of Local Interactions for the Stability of Inhibitory Helix 1 of
Ets-1 in the apo State
Aleksandra M. Karolak, Arjan van der Vaart.
USF, Tampa, FL, USA.
DNA binding induces the unfolding of inhibitory helix 1 (HI-1) in the Ets-1 hu-
man transcription factor. To investigate the local interactions that stabilize HI-1
in the apo state, we performed simulations of various Ets-1 constructs. Our
results show that the HI-2 and H4 helices stabilize the helical state of HI-1
through specific residue-residue contacts and macrodipolar interactions. The
importance of these contacts was verified by simulations on Ets-1 mutants.
Our calculations indicate the importance of local interactions for the stability
of the HI-1 helix in the apo protein.
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Fast and Accurate Calculation of Small Molecule Solvation Free Energies
using Replica Exchange Accelerated Molecular Dynamics
Mehrnoosh Arrar, William Sinko, Mikolai Fajer, Cesar Agusto,
F. de Oliveira, J. Andrew McCammon.
UC San Diego, San Diego, CA, USA.
Free energies are important thermodynamic quantities often needed to describe
chemical processes and protein-ligand binding. Accurate calculation of free en-
ergies has been done using molecular dynamics (MD) simulations, but these
values are often limited due to the conformational ‘‘trapping’’ of a given system
in a free energy minimum. Accelerated molecular dynamics (aMD) is a hamil-
tonian-modifying method in which the sampling problem is mitigated by add-
ing a bias to the potential energy term, making it easier to traverse the
conformational landscape. By coupling this method with replica exchange (RE-
XAMD), it is further enhanced, evading the statistical re-weighting problem.
We show that REXAMD is ideal for computing accurate solvation free energies
of small molecules.Protein Dynamics II
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Allosteric Inhibitors Alter the Dynamic and Thermodynamic Properties of
the RNA Polymerase from Hepatitis C Virus
Brittny Davis, Ian Thorpe, Ph.D.
University of Maryland- Baltimore County, Baltimore, MD, USA.The Hepatitis C Virus (HCV) affects approximately 200 million people
throughout the world, which makes it a world health concern. There is no
cure for this disease and there are very few effective treatments. The HCV
RNA polymerase (NS5B) has become a drug target because of its importance
for viral replication. Currently, there are four allosteric binding sites that have
several inhibitors that can bind in them. However, the molecular mechanisms
that underlie allosteric inhibition are unclear from the structural data alone.
We employ molecular dynamics simulations and principle component analysis
in order to understand how the presence of allosteric inhibitors impacts the
structure and dynamics of NS5B. By understanding the structural, dynamic,
and thermodynamic changes that accompany ligand binding, we hope to deter-
mine the molecular origins of allosteric inhibition in NS5B. In addition, this in-
formation may aid in the development of novel and more effective inhibitors
for NS5B.
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plexes: Implication for Gal Genes Regulation
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Mumbai- 400076, India, 2Department of Chemistry, IIT Bombay, Powai,
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Regulation of GAL genes in Sacharomyces cerevisiae is governed by at least
three proteins, Gal3p/Gal1p, Gal80p and Gal4p. Though Gal3p/Gal1p interac-
tions with Gal80p are induced by the presence of ligands ATP and galactose,
neither the induction mechanisms nor the galactose activated binding surface
of Gal3p with Gal80p is known. In our lab (under review) we had shown
that the presence of ligands ATP and galctose are responsible for local confor-
mational changes in inducer proteins Gal3p and Gal1p. We also showed that
Gal3p behaves differently from Gal1p, and a large hydrophobic surface opens
up only on the surface of Gal3p in the presence of ligands ATP and galactose.
Further the initial docking studies suggested these regions may be the possible
interface between Gal3p/Gal1p and Gal80p. Continuing these studies, in this
work, we address the nature of Gal3p-Gal80p and Gal1p-Gal80p interactions
and the role of several residues involved in specific interactions at the interface.
Our results indicate that though Gal80p invariably docked at same surface of
Gal1p in all docked models, it behaves differently with Gal80p. Unlike
Gal1p-Gal80p complexes Gal3p-Gal80p complexes always involved the
same interacting surfaces in all docked models. Further the interaction potential
energy for Gal1p-Gal80p complexes are mostly dominated by Van der Waal
interactions. In contrast, approximately equal contributions of coulomb and
Van der Waals interactions comprised potential energy of Gal3p-Gal80p com-
plexes. Observations of various interface parameters suggested that Gal3p-
Gal80p interactions are involved in a biologically more significant complex
formation in comparison to Gal1p-Gal80p complexes. Thus, the above differ-
ences at the interface might be permitting Gal3p to act as transcriptional
inducer with higher specificity in comparison to Gal1p though both are homol-
ogous proteins and share about 92% sequence identity.
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Impact of K24N Mutation on p53TAD and its Interaction with MDM2
Yingqian Ada Zhan, F. Marty Ytreberg.
University of Idaho, Moscow, ID, USA.
The level of transcription factor p53 is negatively regulated by E3 ubiguitin li-
gase murine double minute clone 2 (MDM2). The interaction between p53 and
MDM2 is essential for the survival of the cell and for organism activity. Struc-
tural studies revealed that MDM2 binds to p53 transactivation domain
(p53TAD) from residues 17 to 29. The K24Nmutation of p53TAD is a naturally
occurring mutation that is found in human choriocarcinoma cell lines. In this
study we used molecular dynamics simulation to determine how the K24N mu-
tation affects the affinity, structure, and dynamics of p53TAD binding to
MDM2. The results suggest that the K24N mutation decreases the affinity be-
tween p53TAD and MDM2 due primarily to the entropic contribution to the
binding free energy. The results are consistent with experiments and show
that this entropy difference is due to a change in the structure of the protein-
protein complex that increases the bound flexibility of both the mutant
p53TAD and MDM2.
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Backbone ‘Stretched;’ Backbone ‘Curled’: Conformational Similarity for
Trp Dipeptides Parallels Fluorescence Emission and UVRR W10 Shifts
Azaria S. Eisenberg, Moshe Nathan, Laura J. Juszczak.
Brooklyn College/The City University of New York, Brooklyn, NY, USA.
Tryptophan is a spectroscopic marker of protein environment because the fluo-
rescence emission maximum of its residue, indole, is sensitive to both solvent
and the immediate protein environment. The ease of measuring indole
